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Cortical regions as early as primary visual cortex have been implicated in recognition memory. Here, we outline the challenges that this presents for neurobiological accounts of recognition memory. We conclude that understanding the role of early visual cortex (EVC) in this process will require the use of protocols that mask stimuli from visual awareness.
The Relation between Recognition Memory and (Un)awareness
Recognition memory (see Glossary), the ability to explicitly recall previously encountered items and events (e.g., episodes), is widely considered to be a conscious function that is dependent on a network involving the prefrontal cortex, parietal cortex, and medial temporal lobe (MTL) (perirhinal, parahippocampal, entorhinal cortices, and hippocampus). Here, we reconsider the neurobiology of recognition memory in light of recent data showing that stimuli masked from visual awareness (i.e., subliminal) can be used to investigate non-conscious influences in recognition memory [1, 2] , and cortical regions as early as primary visual cortex (V1) can mediate recognition memory for both visible (i.e., supraliminal) [3] and subliminal stimuli [2] . These data are likely to raise scepticism in two areas: (i) how can non-conscious influences and (ii) cortical processing in sensory regions as early as V1 underlie the sine qua non assay of episodic memory?
No single general experimental protocol has been applied to investigate non-conscious influences in recognition memory. Until recently, protocols were based on the presentation of supraliminal stimuli for memory encoding and retrieval (corresponding to the experimental conditions of 'study' and 'test'). In this research, manipulations, such as divided attention, were used to diminish awareness of supraliminal stimuli and thereby induce recognition unaccompanied by the subjective feeling of 'familiarity ' [4] . One consideration with the use of supraliminal stimuli to investigate non-conscious influences is that, under some conditions, recognition memory and even repetition priming effects (henceforth, 'priming') that stem from either (i) briefly presented (50-500-ms exposure, but unmasked) items or from (ii) the masked priming of visible retrieval cues can both be explained by a single continuous, conscious, memory strength process [5] .
Many of the conceptual and methodological issues associated with isolating nonconscious influences in recognition memory can be minimized by ensuring that the stimuli presented at study and as retrieval cues (e.g., words) are subliminal [1, 2] (Figure 1) . Notably, the task structure with this approach ('old'-'new' discrimination and a post-trial confidence judgment) can remain ostensibly similar to a standard recognition test implemented with supraliminal stimuli [1] . Nonetheless, it is important not to underestimate the challenges in ensuring adequate masking of stimuli from visual awareness (Box 1).
A key advantage of masking both study and test stimuli from visual awareness is that recognition memory can be investigated without the cascade of 'top-down' neural activity impinging on cortical processing; that is, neural activity related to conscious attention and perceptual selection, cognitive (e.g., memory) control, and updating of conscious representations. Such conditions are particularly relevant when investigating areas such as V1 within EVC, because early stages of visual processing, originating in V1, are modulated by feed-forward and 'top-down'
Glossary
Associative recognition memory: the relation between two items, such as a pairwise association between an object and context or a pair of words (word-word), which either co-occur or are presented contiguously at study and are tested by instructing observers to discriminate studied from new pairs. Associative recognition memory is generally regarded to be mediated by recollection when the pairs are previously unrelated (non-unitized) but can be supported by familiarity-based processes. Episodic memory: the conscious encoding, storage, and retrieval of personally experienced past episodes, composed of integrated sensory, conceptual, emotional, what, when, and where content. Episodic memory can support the simulation of episodes in either the past or the future, and subtends our sense of a coherent identity that across time. Familiarity: the subjective conscious experience of recognising an item, object, or event, without the retrieval of specific contextual details about the original episode in which it was encountered. Notably, there is ongoing controversy regarding whether recognition memory is driven by recollection and familiarity or independent contributions from recollection and familiarity signals. Perceptual identification priming: items are presented briefly and priming is demonstrated if a greater proportion of old (previously studied) items are identified relative to new (non-studied) items. Perceptual identification and recognition can be measured using the same psychophysical response metric: d'. Recognition memory: the capacity to recall whether items have been presented before. For example, in a recognition test, old (studied) items are presented in a list also composed of new (non-studied) items, and observers decide whether each item on the list was presented during the study. Recognition of complex associations: recognition memory can result from new associations formed within an experiment. These tasks measure recognition as the ability to retrieve either discontiguous associations within domains or associations across stimulus domains or sensory modalities. Repetition priming: the faster or more accurate production, identification, or classification of a previously presented stimulus or related stimulus on a memory test that does not make reference to the prior presentation. Priming can support memory effects that last minutes or longer and for different materials (e.g., words or faces), and operates without awareness of memory retrieval and, thus, has been considered an expression of non-conscious or implicit memory. Subtypes have been described with respect to whether perceptual, meaning (conceptual), or both types of information processing operate on the stimuli. Single-item recognition memory: recognition memory for individual items, such as a word or a picture, in an episode.
